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The problem of diﬀraction of waves due to plane harmonic P-wave incident normally on a line crack situated in an
inﬁnite micro-polar elastic medium has been studied in this paper. The problem has been solved for both low and high
frequencies for small coupling parameter. The stress intensity factors (SIF) have been obtained in micro-polar elastic med-
ium from which the corresponding stress intensity factor for classical elastic medium can be deduced.
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1. Introduction
There are various bodies (de Fabritiis and Mariano, 2005; Mariano, 2005) for which the material structure
at nano-, micro- and meso-levels has a strong inﬂuence on its mechanical behaviour. Naturally therefore the
classical elasticity, where only some global aspects of the material are considered, cannot be a good model for
calculating the mechanical behaviour of such material.
Voigt (1887) ﬁrst attempted to include the inﬂuence of material structure at micro-level in the theory of
elasticity by considering the interaction between the two particles of a body through an area element is trans-
mitted not only by a force vector but also by a moment (couple) vector. This led to the existence of couple
stress in elasticity. Later Cosserat and Cosserat (1909) developed a uniﬁed theory based on the above concept
which is known as Cosserat theory of elasticity. This theory was further developed by Truesdell and Toupin
(1960), Toupin (1962), Eringen and Suhubi (1964a,b), Eringen (1966a,b), Mindlin (1964), Green and Rivlin
(1964) and many others. Eringen ﬁrst introduced the terminology ‘micro-polar’ elasticity (1966a,b) when an
elastic body is assumed to be consist of interconnected particles in the form of a small rigid bodies under going
translational motion as well as rotational motion. This theory is applicable to various types of granular
materials and composite ﬁbrous materials. The widespread use of various types of composite materials has
stimulated interest in this theory.0020-7683/$ - see front matter  2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijsolstr.2007.12.020
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perspective. de Fabritiis and Mariano (2005) analyzed the geometrical structures necessary to represent bulk
and surface interactions of standard and sub structural nature in complex bodies. Mariano (2005) studied the
inﬂuence of material texture on the force driving the crack tip in complex materials in a three dimensional
setting.
The present paper is based on the theory of micro-polar elasticity developed by Eringen and Suhubi
(1964a,b). Many authors have considered the problems of waves and vibrations in micro-polar elastic med-
ium. But only a few attempts have been made on the diﬀraction problem in micro-polar elastic medium. Paul
and Sridharan (1980) investigated the disturbances due to penny-shaped crack subjected to uniform tension in
a homogeneous micro-polar elastic medium. Kennedy and Kim (1992) utilized ﬁnite element analysis to study
the micro-polar elastic materials subjected to suddenly applied loads. Yadava et al. (1994) studied the internal
pressure on a penny-shaped crack at the interference of two bonded dissimilar micro-polar half-spaces. Yavari
et al. (2002) considered fractal crack in micro-polar elastic solid. Recently Midya et al. (2007) considered the
problem of diﬀraction of normally incident SH-waves by a line crack in a homogeneous micro-polar elastic
medium.
In this paper the problem of diﬀraction of P-waves incident normally in a line crack in an inﬁnite homo-
geneous micro-polar elastic medium has been studied in both low and high frequency domain. However the
solutions in both low and high frequency domain have been obtained for small values of the coupling param-
eter of the medium. The diﬀraction problem of normally incident P-waves in an inﬁnite micro-polar elastic
medium ultimately reduces to the problem of solving one pair of dual integral equations involving two
unknown functions. These equations are then reduced to two integro-diﬀerential equations involving two
unknown functions which are solved by iterative procedure. The method of solving this problem is same as
that of previous paper of Midya et al. (2007). So here we present the solution of the problem in a very brief
form giving only the necessary formulation and important results of the problem.2. Formulation of the problem
We assume that in rectangular Cartesian co-ordinates a two dimensional line crack occupy the region
(Fig. 1)S : jxj < 1; 1 < y < 1; z ¼ 0 ð1Þ
A simple model of a two dimensional crack can be taken as a plane crack of inﬁnite length and ﬁnite width.
The two faces of the crack are assumed to be separated by a small distance but during deformations of the
solid, the crack faces must not come into contact.
Let a plane harmonic P-waves originating at z = 1 be incident normally on the crack face.
We wish to study the diﬀraction ﬁeld produced due to incident P-wave on a line crack which is situated in
an inﬁnite micro-polar elastic medium. The equations of motion for micro-polar elastic medium in absence of
body forces and body couples can be written as (Eringen, 1966)X
Z
Incident P-wave 
Fig. 1. Cracked plane.
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ð2Þwhere k, l, k, c are material constants, q is density of the medium, j is the micro-inertia, (ux, 0, uz) are the
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ð3ÞThe solution of this type of diﬀraction problem is ultimately reduced to the problem of ﬁnding the solution of
the equations in (2) in half-plane zP 0 subjected to the mixed boundary conditions. The proper boundary
conditions for this problem can be written asuðsÞz ¼ 0; on z ¼ 0; jxji1 ð4Þ
wðsÞ2 ¼ 0; on z ¼ 0; jxji1 ð5Þ
szx ¼ 0; onz ¼ 0; 8x; y ð6Þ
sðiÞzz þ sðsÞzz ¼ 0; on z ¼ 0; jxjh1 ð7Þ
mðiÞzy þ mðsÞzy ¼ 0; on z ¼ 0; jxjh1 ð8Þwhere the stresses can be calculated from the relations given by Eringen (1966) and superscripts ‘i’ and ‘s’ rep-
resent incident and scattered ﬁeld, respectively.
In addition to these boundary conditions two other conditions must be satisﬁed. These are radiation con-
dition at inﬁnity and edge condition near the crack tips. The radiation condition implies that the diﬀracted
waves must represent outgoing at inﬁnity. The edge condition insures the unique solution to the problem.
3. Solution of the problem
To solve this problem we introduce displacement potentials /, w deﬁned asux ¼ o/ox þ
ow
oz
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ow
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ð9ÞWith the help of (9) the equations in (2) can be written asr2/ ¼ 1
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where c21 ¼
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q
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lþ k
q
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k
q
; c24 ¼
c
qj
; x20 ¼
k
qj
; p ¼ k
lþ k ð13Þand it is to be noted that the value of the coupling parameter is p
2
.
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Eq. (10) reduces toðr2 þ k21Þ/ ¼ 0 ð15Þ
and Eqs. (11) and (12), after some mathematical manipulation, reduce tor4 þ 1
c22c
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ðx2  2x20Þ; ðx2 > 2x20ÞAs the value of the coupling parameter is less than unity, therefore the values of k2 and k3 for small k are of
physically important and are given byk22 ¼
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ð17ÞThe normally incident P-waves ﬁeld on the crack face can be written as/i ¼ A0eiðk1zxtÞ ð18Þ
Utilizing the boundary condition (6), the solutions of /, w, w2 in the scattered can be written as/ðsÞ ¼
Z 1
1
ð2 pÞn2  x
2
c22
 	
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and mn ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
n2  k2n
q
; n ¼ 1; 2; 3But mn must satisfy the conditionsRe mn > 0which is the required for the existence of the integrals (19 21) for large z and
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It is evident from (10), / represents longitudinal displacement wave i.e. P-wave propagating with speed c1.
Again from (11) and (12) it can be concluded from (20) and (21) that w and w2 represent transverse displace-
ment wave coupled with transverse micro-rotational wave travelling with the speed V3 and V4, respectively.
Now from (17) it can be shown that V3 and V4 are approximately given byV 23 ﬃ
c22
1 x20x2
c2
3
c2
2
c2
4
; V 24 ﬃ
c24
1 x20x2 2
c2
3
c2
2
c2
4
 Hence k1, k2 and k3 represent wave number of P-wave, transverse displacement wave, transverse micro-rota-
tional wave propagating with speed c1, V3, V4, respectively.
The functions Q1(n) and Q2(n) are unknown functions to be determined from the four boundary conditions
4, 5, 7, 8.
Utilizing the boundary conditions (4) and (5), we getZ 1
1
Q1ðnÞeinxdn ¼ 0 jxji1 ð22ÞZ 1
1
Q2ðnÞeinxdn ¼ 0 jxji1 ð23Þand from the boundary conditions (7) and (8), we have after some mathematical manipulationlim
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#
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
¼ 0; jxjh1: ð25Þwhere Q0 = A0qx
2 and Dx  oox ;D2x  o
2
ox2
Thus the problem reduces to solving two pair of integral Eqs. (22)–(25) involving two unknown functions
Q1(n), Q2(n).
To solve the equations, let us setZ 1
1
QnðnÞeinxdn ¼
fnðxÞ jxjh1
0; jxji1

ð26Þso thatQnðnÞ ¼
1
2p
Z 1
1
fnðsÞeinsds; n ¼ 1; 2 ð27ÞHence Eqs. (22) and (23) are identically satisﬁed and other two Eqs. (24), (25) reduce to
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where we have used the well known relationipH ð1Þ0 kmfðx sÞ2 þ z2g
1
2
h i
¼
Z 1
1
ðn2  k2mÞ1=2e½inðxsÞðn
2k2mÞ1=2jzjdn ð30Þwhere H ð1Þ0 ðÞ is the Hankel function of zero order and of ﬁrst kind.
As H ð1Þ0 fkmjx sjg has a singularity at s = x therefore we use asterisk over the integral sign because the inte-
grals are now to be treated as Cauchy Principle Integral.
We have to ﬁnd out f1(s) and f2(s) from (28) and (29). Once these functions are known then Q1(n) and Q2 (n)
are known from (27). Hence the problem is completely solved.
3.1. Case I: solution in low frequency domain
For low frequency approximation we expand H ð1Þ0 fkmjx sjg in ascending powers of x as (Eringen and Suh-
ubi, 1975)ip
2
H ð1Þ0 kmjx sjf g ¼ J 0 kmjx sjf g log jx sj þ PðkmÞJ 0 kmjx sjf g þ
X1
a¼0
ðÞa
ða!Þ2
kajx sj
2
 	2a
ha ð31Þwhereha ¼ 11 þ 21 þ 31 þ    þ a1; h0 ¼ 0; ða ¼ 1; 2; 3; . . .Þ; PðkmÞ ¼ C0  log km;
C0 ¼ ip
2
 c0 þ log 2; and c0 is Euler’s constantWe substitute (31) in (28) and (29) and takef1ðsÞ ¼
X1
n¼0
ansn
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
p
f2ðsÞ ¼
X1
n¼0
bnsnþ1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
p ð32Þas in the previous paper of Midya et al. (2007)
We can now construct an iterative procedure to obtain the solution of Eqs. (28) and (29) sinceR 1
1 log jx sjsn
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
p
ds and
R 1
1 jx sjnsn
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
p
ds are polynomials in x. Using the results of these inte-
grals we getip
2
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H ð1Þ0 fkmjx sjgf1ðsÞds ¼
X1
n¼0
AnðkmÞxn ð33Þ
ip
2
Z 1
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H ð1Þ0 fkmjx sjgf2ðsÞds ¼
X1
n¼0
BnðkmÞxnþ1 ð34Þ
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Substituting these values in (28) and (29) and performing the necessary diﬀerentiation, it is found that the
left hand side of (28) and (29) are polynomials of even power and odd power of x, respectively. Equating the
coeﬃcients of x2m and x2m+1 from both sides of (28) and (29), respectively, we getð2 pÞ2ð2mþ 4Þð2mþ 3Þð2mþ 2Þð2mþ 1ÞA2mþ4ðk1Þ þ 2ð2 pÞx
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¼
2iQ0; for m ¼ 0
0; for m 6¼ 0
(
ð35Þandð2 pÞE2E3½ð2mþ 4Þð2mþ 3Þð2mþ 2ÞA2mþ4ðk2Þ þ k22ð2mþ 2ÞA2mþ2ðk2Þ  ð2 pÞE2E3½ð2mþ 4Þ
 ð2mþ 3Þð2mþ 2ÞA2mþ4ðk3Þ þ k23ð2mþ 2ÞA2mþ2ðk3Þ  pE3½ð2mþ 3Þð2mþ 2ÞB2mþ2ðk2Þ
þ k22B2mðk2Þ þ pE2½ð2mþ 3Þð2mþ 2ÞB2mþ2ðk3Þ þ k23B2mðk3Þ ¼ 0; m ¼ 0; 1; 2; . . . ð36ÞFor small p i.e. for small coupling parameter, Eqs. (35) and (36) can be solved by iterative procedure. Solving
these equations by iterative procedure as in the paper of Midya et al. (2007), we havea2nþ1 ¼ 0;
pa0 ¼ P 0 1 ax
2
c22
log k2 þ 2ax
2
c22
log 2 bx
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2
 c0
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2
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2
1
ð1 r2Þð1 r21Þ
log r1

þ x
2
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105 88r2  9r4
96ð1 r2Þ 
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ð1 r2Þ2 
1
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( )
log k2  x
2
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1þ 4r2
24ð1 r2Þ
þ x
2
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 c0
  	
þ 0ðk42 log k2Þ
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a
3
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þ 1þ 4r
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
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	
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pa4 ¼ P 0
220ðk21  x2c2
2
Þ 
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k61 þ
1
6
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þ 1381
144
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ðk41 þ k22k23 þ k43Þ

 1381
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2
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2
Þ
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2
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þ 1
4
x4
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8
x2
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8
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2
3

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pb0 ¼ P 0 x
2
0ðk22  k23Þ
2ðc22  c24Þ
1 ax
2
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log k2  2ax
2
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log 2 bx
2
c22
log rþ 9þ 8r
2  9r4
96ð1 r2Þ
 
þ 0ðk42 log k2Þ
pb2 ¼ P 0 x
4
c42
x20ð1 r21Þ
96ðc22  c24Þ
1þ 3r21 þ 8a
x2
c22
 
þ 0ðk42 log k2Þ ð38Þwherea ¼ 3 4r
2 þ 3r4
8ð1 r2Þ ; b ¼
2 4r2 þ 3r4
4ð1 r2Þ ; r
2 ¼ c
2
2
c21
; r21 ¼
k23
x2=c22
and P 0 ¼  Q0
2 x
2
c2
2
 k21
  ¼  A0qx2
2 x
2
c2
2
 k21
  ð39ÞThen an and bn are known and hence Q1(n) and Q2(n) are known from (27). Hence the problem is solved.
Let us now calculate szz and mzy on z = 0 for jxj > 1. From (27) and (31), we haveQ1ðnÞ ¼
1
2p
X1
n¼0
a2n
Z 1
1
s2n
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
p
einsds ¼ 1
2p
X1
n¼0
a2n
in
Z 1
1
d
ds
s2n
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
pn o
dsSimilarlyQ2ðnÞ ¼
1
2p
X1
n¼0
b2n
in
Z 1
1
d
ds
s2nþ1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 s2
pn o
ds ð40ÞUsing (40) we obtainðsðsÞzz Þ z¼0
jxj>1
¼ Pc
2
2
2p
x2
c22
 p 2k21 
x2
c22
  	
pa0xþ pa2ð3x3  2xÞ þ pa4ð5x5  4x3Þ
  1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2  1
p

þterms regular at x ¼ 	1

ð41ÞandðmðsÞzy Þ z¼0
jxj>1
¼ c
2
pb0ð2x2  1Þ þ pb2ð4x4  3x2Þ
  1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2  1
p þ terms regular at x ¼ 	1 ð42ÞIt can be concluded from (41) and (42) that the stress and the couple stress have the same order of singularity
viz. (x ± 1)1/2
Substituting the values of a2n, b2n(n = 0,1,2,3 . . .) and simplifying, we obtain the SIF asN 1 ¼ j lim
jxj!1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2  1
p
ðsðsÞzz Þz¼0j ¼ jNc1 þ Np1j ð43Þwhere
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qx2
2p
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c22
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c22
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#
þ 0ðk42 log k2Þ ð44ÞandNp1 ¼ P 0
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2
c22
log k2 þ 2ax
2
c22
log 2 bx
2
c22
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2
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2
c22
log k2
 	2""
x
2
c22
9 32r2 þ 27r4
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#
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log k2
 	2
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2
c22
19 20r2 þ 6r4
16ð1 r2Þ þ
r21
ð1 r21Þð1 r2Þ
log r
"
þ r
2
1ð1þ r21Þ
ð1 r21Þ2
 1
1 r2
( )
log k2 þ 1
8
x2
c22
1 4r2
1 r2
##
þ 0ðk42 log k2Þ ð45ÞSimilarlyN 2 ¼ j lim
jxj!1þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2  1
p
ðmðsÞzy Þz¼0j ¼ jNp2jwhereNp2 ¼
P 0x20ðk22  k23Þc
4ðc22  c24Þ
1 ax
2
c22
log k2  2ax
2
c22
log 2 bx
2
c22
log rþ 9þ 8r
2  9r4
96ð1 r2Þ
 
þ 0ðk42 log k2Þ ð46Þ
As k ! 0; we have N 1 ¼ jNc1j; ð47Þ
Nc1 in this case is given by (44) in which c1, c2, k1, k2 and r are to be replaced by c
=
1; c
=
2; k
=
1; k
=
2 and r
/, respectively,
wherec=1 ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
kþ 2l
q
s
; c=2 ¼
ﬃﬃﬃ
l
q
r
; k=1 ¼
x
c=1
; k=2 ¼
x
c=2
; r= ¼ c
=
2
c=1
ð48ÞThe result (47) agrees with the existing results the classical elasticity (Mal, 1970, 1972) and in that case N2
tends to zero, since x20 ! 0 as k? 0. The displacement and micro-rotation for jxj < 1 are obtained asðuðsÞz Þ z¼0
jxj<1
¼ x
2
c22
f1ðxÞ ð49Þ
ðwðsÞ2 Þ z¼0
jxj<1
¼ f2ðxÞ ð50Þ3.1.1. Numerical results and discussion
The SIFs (43) and (46) are plotted against k=2 in Figs. 2 and 3, respectively, assuming k ¼
el; k ¼ l; x20x2 ¼ 0:05; cj ¼ 3l2 where k=2 is the wave number of transverse displacement wave in classical
elastic medium. It is evident from Figs. 2 and 3 that at low frequency (i) both N1 and N2 increase with the
increase of the values of k=2 i.e. both N1and N2 increase as frequency increases. (ii) the micro-polarity of med-
ium increases the value of SIF N1but decreases the value of N2.
The amplitude of displacement and amplitude of micro-rotation components along the crack face for inci-
dent P-wave ﬁeld are plotted in Figs. 4 and 5, respectively, assuming k ¼ el; k ¼ l; x20x2 ¼ 0:05; cj ¼ 3l2 ,
k=2 ¼ 0:4. As e = 0 represents the classical elastic medium and any increment in the value of e implies increment
in the values of the micro-polarity of the medium, therefore from Figs. 4 and 5, it can be concluded that
increase in the value of the micro-polarity of the medium increases the value of the amplitude of displacement
but decreases the value of the amplitude of micro-rotation.
Fig. 2. Stress intensity factor (N1) is plotted against k
=
2 for diﬀerent e.
Fig. 3. Stress intensity factor (N2) is plotted against k
=
2 for diﬀerent e.
G.K. Midya et al. / International Journal of Solids and Structures 45 (2008) 2706–2722 27153.2. Case II: solution in high frequency domain
We follow the method of the paper of Midya et al. (2007). The Hankel functions in (28) and (29) are
replaced by its integral form (Watson, 1966) deﬁned byH ð1Þ0 fkmjx sjg ¼
2
ip
Z 1
1
eikmjxsjgﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
g2  1
p dg ð51Þ
Fig. 4. Amplitude of displacement is plotted along the line of the crack-face for diﬀerent e and k=2 ¼ 0:4.
Fig. 5. Amplitude of micro-rotation is plotted along the line of the crack-face for e and k=2 ¼ 0:4.
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X1
n¼0
a2ns2n
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1þ sÞ
p
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1 sÞ
p 
f2ðsÞ ¼ Bsþ
X1
n¼0
b2ns2nþ1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1þ sÞ
p
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1 sÞ
p  ð52ÞUsing the method of asymptotic evaluation of the integrals (Lighthill, 1964) and the result of Gel’ fand and
Shilov (1964), the integrals
R 1
1 H
ð1Þ
0 ½kmjx sjfnðsÞds; n ¼ 1; 2 are evaluated (Midya et al., 2007) where H ð1Þ0 ½
G.K. Midya et al. / International Journal of Solids and Structures 45 (2008) 2706–2722 2717is replaced by (51). Substituting the values of these integrals in (28) and (29), we have for zero order approx-
imation of the coeﬃcients,ð2 pÞD2x þ
x2
c22
 	2
2
k1

X3
m¼2
ð1Þm ð2 pÞ
2Em
k22  k23
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2
km
" #
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p
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
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¼ 2iQ0 ð53ÞandX3
m¼2
ð1Þmð2 pÞE2E3DxðD2x þ k2mÞ
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X1
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ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1þ xÞ
p
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1 xÞ
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" #

X3
m¼2
ð1ÞmpEmðD2x þ k2mÞ
2
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Bxþ
X1
n¼0
b2nx2nþ1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1þ xÞ
p
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1 xÞ
p " #
¼ 0 ð54Þtogether with the conditionsAþ
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2
p X1
n¼0
a2n ¼ 0 and Bþ
ﬃﬃﬃ
2
p X1
n¼0
b2n ¼ 0 ð55ÞThese conditions are required for vanishing of the exponential terms and are necessary for satisfying Eqs. (28)
and (29). Now expanding (1 ± x)1/2 in series and equating the coeﬃcients of x2n and x2n+1(n = 0, 1, 2 . . .) from
(53) and (54), respectively, we obtain the solutions with the help of (55) asa0 ¼ P 0 1
k31
þ 0 1
k7=2m
 !
; a2 ¼ 1
8
a0 þ 21
64
pk1l
n x4
c4
2
ðk2 þ k3Þ
a0
a4 ¼ 1
8
a2 þ 5
128
a0 þ 5pk1l
n x4
c4
2
ðk2 þ k3Þ
7
64
a2 þ 13
256
a0
 
b0 ¼  P 0
4ð2 ﬃﬃﬃ2p Þ
l
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1
k31
þ 0 1
k7=2m
 !
; b2 ¼ 1
8
b0  7
128
l
n
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b4 ¼ 1
8
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128
b0  ln
7
128
a2 þ 13
512
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 
ð56ÞwhereP 0 ¼ 2iQ0ð2 ﬃﬃﬃ2p Þ
k1
x=c2
 4
l ¼ 4ð2 pÞ x
2
c22
 k22
 
x2
c22
 k23
 
n ¼ p x
2
c22
 k22  k23  k2k3
 
ð57ÞAs an and bn are now known A and B are known from (55) and therefore f1(s) and f2(s) are completely known
from (52). Hence Q1(n) and Q2(n) are also known. Thus the problem is solved.
Let us now calculate szz and mzy on z = 0 for jxj > 1. We substitute the values of Q1(n) and Q2(n) from (28)
and (52) on the stress and the coupe stress. We change the order of integration and the integrals are evaluated
by contour integration on complex n-plane with proper branch cuts due to branch points (Midya et al., 2007).
Then integrals w.r.t. s are evaluated for large km by the usual method and ﬁnally we have
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" #It is observed from (58) and (59) that the stress and the couple stress have the same order of singularity viz.
(x ± 1)1/2.
Hence the SIFs are obtained asN 1 ¼ lim
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Nc1 in this case is given by (61) in which c1, c2, k1 and k2 are to be replaced by c
=
1; c
=
2; k
=
1; and k
=
2, respectively,
and are given by (48) and k3 = 0.
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and x
2
c2
2
 k22 ! 0 as k? 0.
The displacement and micro-rotation for jxj < 1 are obtained asðuðsÞz Þ z¼0
jxj<1
¼ x
2
c22
f1ðxÞ ð65Þ
ðwðsÞ2 Þ z¼0
jxj<1
¼ f2ðxÞ ð66Þ3.2.1. Numerical results and discussion
The SIFs (60) and (63) are plotted against k=2 in Figs. 6 and 7, respectively, assuming k ¼ el;
k ¼ l; x20x2 ¼ 0:05 and cj ¼ 3l2 . It is evident from Figs. 6 and 7 that at high frequency (i) the SIFs N1 and N2
decrease as k=2 increases i.e. frequency increases (ii) the micro-polarity of the medium decreases the value of
SIFN1 but increases the value of SIF N2.
Amplitude of the displacement and amplitude of the micro-rotation components are plotted in Figs. 8 and
9, respectively, assuming k ¼ el; k ¼ l; x20x2 ¼ 0:05; cj ¼ 3l2 for k02 ¼ 20. It is observed that from Figs. 7 and
8 that the nature of amplitude of the displacement and amplitude of the micro-rotation at high frequencies is
same as that of low frequencies i.e. the micro-polarity of the medium increases amplitude of the displacement
but decreases the value of amplitude of the micro-rotation.3.2.2. Concluding remarks
The singular terms in the expressions of stresses (41), (42) and (58), (59) are of the order (x ± 1)1/2. Thus
the conditions at the tips of the crack are satisﬁed. Therefore the solutions of the problem obtained although
approximate are unique.
By comparing Figs. 2 and 6, it is found that the micro-polarity of the medium decreases the values of the
SIF (N1) in the high frequency domain while it increases the value in low frequency domain. One of the most
important prediction of Cosserat elasticity is that the micro-polarity of the medium immunes the stressFig. 6. Stress intensity factor (N1) is plotted against k
=
2 for diﬀerent e.
Fig. 7. Stress intensity factor (N2) is plotted against k
=
2 for diﬀerent e.
Fig. 8. Amplitude of displacement is plotted along the line of the crack-face for diﬀerent e and k=2 ¼ 20.
2720 G.K. Midya et al. / International Journal of Solids and Structures 45 (2008) 2706–2722concentrations. But our study reveals that this prediction is true only in high frequency domain for the prob-
lem considered here.
It is evident from the expressions for SIFs (N1) and (N2) given by 43, 46 and 60, 63 in low and high fre-
quency, respectively, that (N1) mainly depends on classical elastic constants and the coupling parameter of
the micro-polarity of the medium while (N2) depends only on material constants and coupling parameter
of the medium both of which solely depend on the micro-polarity of the medium. So for small coupling param-
Fig. 9. Amplitude of micro-rotation is plotted along the line of the crack-face for diﬀerent e and k=2 ¼ 20.
G.K. Midya et al. / International Journal of Solids and Structures 45 (2008) 2706–2722 2721eter the nature of (N1) and (N2) may not be similar. This is also evident from Figs. 2, 3, 6 and 7 where it is
noted that as SIF (N1) increases or decreases, SIF (N2) decreases or increases, respectively.
The diﬀerence in the values of SIF (N1) for the classical elasticity (e = 0) and micro-polar elasticity (e 6¼ 0)
will give an estimation of the material contents of micro-polar elastic medium.
Usually the diﬀraction problems in elastic or in micro-polar elastic medium are solved separately for low
and high frequency domain. The reason is that it is very diﬃcult to obtain the solution of this type of problem
which remains valid for all frequencies. But the solution of the problem can be obtained simultaneously for
both low and high frequency domain by this method. The technique used here can be applied to solve similar
mixed boundary value problems, say, scattering by a line crack in elastic or in micro-polar elastic medium.
Moreover this method can be extended to solve the diﬀraction problems for any angle of incidence in low
frequency domain. However it should be mentioned that this method fails to solve the problem for any angle
of incidence in high frequency domain.
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